Purpose-A previous-day recall (PDR) may be a less error prone alternative to traditional questionnaire-based estimates of physical activity and sedentary behavior (e.g., past year), but validity of the method is not established. We evaluated the validity of an interviewer administered PDR in adolescents (12-17 years) and adults (18-71 years).
INTRODUCTION
There has been extraordinary progress in the field of physical activity epidemiology in the last 50 years. Lack of participation in moderate-vigorous exercise (38) , and more recently prolonged time spent in sedentary behavior-or sitting, have been associated with increased risk for mortality and chronic diseases (e.g., (30;45) ), including certain cancers (e.g., (33) ). Clearly, the exposure assessments employed in these studies, typically questionnaires that estimate usual amounts of physically active and sedentary behaviors (e.g., past year), have been successful in identifying many strong behavior-disease associations. On the other hand, these same questionnaires probably contain a substantial amount of measurement error (10;32) , which leads to a loss of statistical power to test etiologic hypotheses, attenuation in of the strength of the associations observed, and difficulties characterizing dose-response relationships that are critical in the development of evidence-based recommendations (42) .
Better measurements are needed to address the limitations of traditional questionnaire-based tools, and recent summaries of the current state of the art of exposure assessment provide insight into why both device-based (12) and self-report methodologies (6) can and should play complementary roles in future studies. Recent systematic reviews have noted that few physical activity questionnaires have validity coefficients (correlations) greater than 0.5 (19;34;49) compared with objective measures, and sedentary behavior questionnaires have been noted to have a similarly modest level of validity (3;17).
Short-term recalls (e.g., diaries, previous day recalls) have been suggested as an alternative to traditional questionnaires that typically require longer term recall of behavior (32;35;48) . New technologies such as web-based surveys and mobile devices coupled with emerging measurement error correction techniques (11;35) now make it feasible to use such methods as a primary exposure assessment tool in large scale studies. Previous day recalls (PDR) offer several advantages over questionnaire-based estimates of usual activity and sedentary behavior. First, they allow respondents to rely on episodic memory to generate reports about time spent in specific activity-related behaviors, rather than use of estimation strategies and long-term averaging (25) . Thus, the information reported on the PDR may be more accurate. Second, PDRs capture more detailed information about different types of activities, offer a unique opportunity to assess body posture (i.e., sitting vs. standing), as well as information about behavioral context (e.g., location and purpose) not available from other measures. Hence, PDRs may be particularly valuable for studies interested in posture-based estimates of sedentary behavior, or that require information about where and why physically active and sedentary behaviors occur.
An important first step in establishing the proof of principle for PDRs for use in future studies is to test the validity of the method. Accordingly, the purpose of this report is to evaluate the validity of an interviewer administered PDR of physically active and sedentary behaviors in free-living adolescents and adults compared to the activPAL, an accurate and precise reference measure for distinguishing between active and sedentary behaviors (15;23) . To provide insight into the measurement properties of the PDR compared to another instrument, we conducted a parallel analysis evaluating the validity of the ActiGraph monitor compared to the activPAL. In secondary analyses, we also evaluated PDR measures of light and moderate-vigorous physical activity using common ActiGraph cut-points.
MATERIALS AND METHODS

Study Design
During the 7-day study period adolescents (12-17 years) and middle-aged adults (18-71 years) from Amherst, MA and Nashville, TN wore two activity monitors and received three unannounced telephone-administered PDRs (two weekdays, one weekend day). Eligible participants for the study were 12 to 75 years of age and were free of debilitating chronic diseases (e.g., heart failure, severe claudication, terminal cancer), major cognitive or psychiatric disorders (e.g., dementia, schizophrenia), and major orthopedic problems. They were also fluent in English and agreed to be available by phone during the study period. Our study population was enrolled as a convenience sample rather than a random sample from the general population. Height and weight were measured and surveys were completed to gather demographic information. Social desirability, or the tendency to avoid criticism and portray one's self in a more favorable manner (46), was measured using two scales. In adolescents, we used the Revised Children's Manifest Anxiety Scale (Lie Scale, or RCMAS-Lie) (39) . The 9-item RCMAS-Lie scale was developed specifically for 6 to 19 year olds, has established psychometric properties (39) , and has been associated with reporting bias in diet and physical activity in 8 to 10 year old girls enrolled in an intervention (22) . In adults, we used the 33-item Marlowe-Crowne Social Desirability Scale that has established psychometric properties (24) and has been linked to reporting biases in diet and physical activity in adults (1;18). Higher scores on both scales indicate higher levels of social desirability. A social desirability bias would be observed if the scales were associated with under-reporting sedentary time and over-reporting physically active time. Informed consent and/or assent was signed by 224 participants (and parents of adolescents), and 213 of these individuals (95%) provided information for the measurements being evaluated. The Institutional Review Board's at Vanderbilt University and the University of Massachusetts approved all study activities.
Previous-day Recall (PDR)
The recall employed was an updated version of our Twenty-four Hour Physical Activity Recall that has been evaluated as a measure of physical activity (8) and used as a reference instrument in an earlier study (27) . We use the name Previous-day Recall (PDR) here because, in addition to physical activity, the instrument now gathers more detailed information about sedentary behaviors. Interviewers were certified to complete the recalls using a standard training protocol composed of didactic and experiential training sessions designed to develop interviewing skills, expertise in interacting with the computer interface, and the integration of these two skills. During the study, interviewers led participants chronologically through the previous day (midnight to midnight) using a semi-structured interview based on methods developed and refined for the 7-Day Physical Activity Recall (41) . Interviewers gathered information about specific active and sedentary behaviors reported in three segments of the recall day (i.e., morning, afternoon, evening). Individual behaviors lasting at least 5 minutes in a given time-period were recorded/coded and the duration of the activities were entered directly into a database. Each behavior reported was coded as physically active or sedentary using reported body position and activity type (i.e., all exercise and sports pursuits were classified as "active"), and by the location and purpose of the activity. Additional information about the PDR is provided (see Appendix 1, SDC1, Previous Day Recall Protocol). After completing each recall, interviewers assessed the overall reliability of the interview. Interviewers classified recalls as unreliable if the respondent was clearly unable to complete the recall or provide useful information for the majority of the recall day. Sixteen of the 635 recalls (2.5%) were judged by the interviewers to be unreliable and were excluded from analysis. We defined sedentary behaviors as any behavior that was done while sitting, reclining, or lying down during the waking day, and that did not require substantial energy expenditure (typically < 1.8 metabolic equivalents (METS)) (36) . In contrast, physically active behaviors were defined as standing activities, or activities done in any position that resulted in higher MET levels (typically > 1.8 METs). Exercise, sports and active recreation pursuits were classified as active regardless of body position. Each activity in the database was derived from the Compendium of Physical Activities, along with the associated MET values (2) . To summarize the recall data, we summed the duration estimates of the individual sedentary and active behaviors that were reported (hrs/d), typically 15 to 30 different activities per recall. For the physically active behaviors, we also calculated time reported in light (< 3 METs), moderate (3-5.9 METs) and vigorous intensity (6+ METs) activity.
Reference Measurement
The activPAL (PAL Technologies, Glasgow, Scotland) is worn on the mid-right thigh, and uses information about thigh position to estimate time spent in different body positions (horizontal = lying or sitting; vertical=standing or stepping). To do so, the instrument records the start and stop time of each individual bout (or event) of lying or sitting, standing, and stepping. Participants wore the device during waking hours, exclusive of bathing and swimming. They were asked to record the time they got out of/into bed and the times they wore the monitor each day. For the activPAL we defined sedentary behavior as time spent sitting or lying during the waking day, and physically active behavior as the sum of time spent standing or stepping. The device also estimates the energy cost of ambulatory activities using a prediction equation that employs stepping cadence and duration as the predictor variables (MET-hours = (1.4 × duration [hours]) + (4 − 1.4) × (cadence [steps/ minute]/120) × duration (37) . For descriptive purposes, we also calculated time recorded in moderate-vigorous stepping activities (i.e., 3+ METs). ActivPAL accuracy for measuring body posture in laboratory settings is 95 to 100% (15) , and Kozey Keadle (23) reported strong agreement for posture (R 2 =0.94) between activPAL and direct observation in a freeliving study. In an internal validity study, we examined 27 participants over 47 free-living periods of direct observation. Linear mixed models, which included a subject-specific random intercept, revealed a strong linear relationship between the activPAL and direct observation (DO). For sedentary time (min/d) the regression equation was activPAL = −1.43 + 1.00*DO and for active time (min/d) the regression equation was activPAL = 1.41 + 1.00*DO. The correlation for both measures was R=0.98 (unpublished observations). The ActiGraph (model GT3X) is a triaxial accelerometer that was secured to the right hip using an elastic belt. The monitor was initialized to record vertical acceleration in onesecond epochs using the low-frequency extension. Sedentary time was defined as the sum of hours below 100 counts/minute (cpm) and active time was defined as time spent at or above 100 cpm (17;28) . Light intensity activity was estimated as time recorded between 100 and 759 cpm, and moderate-vigorous time was estimated using two cut-points. We employed the 760 cpm cut-point that was calibrated to capture a broad range of lifestyle and ambulatory activities with an energy expenditure of 3 METs or greater (26) . This cut-point has been cross-validated in free-living studies against indirect calorimetry (26) , pattern recognition monitors (50) , and time-use diaries (48) . We also used the moderate-vigorous cut-point of Freedson (1952 cpm) that was calibrated to capture walking and running behaviors (13) and that has been cross-validated against indirect calorimetry (14;20) an activity diary (43) , and other accelerometers (50) . Due to the small amount of time recorded in vigorous activity (5725+ cpm), we combined vigorous with moderate activity time for analysis. Activity Monitor Summary and Wear Time Estimation-To determine monitor wear time for both devices, we used a combination of the wear log information and the automated wear time estimate of Choi (9) . The algorithm was set to use any non-zero value of activity counts (ActiGraph) or device movement (activPAL), the time window for consecutive minutes of 0 counts/movement was set at 60 minutes, and the artifact movement detection was set to allow interruptions of 2 minutes or less. Minimum wear time for a "valid" day was 10+ hours. For analysis we calculated estimates of time estimated in sedentary and active behaviors in terms of absolute duration (hrs/d) and as a proportion of total wear time (% wear).
Statistical Methods
Participants eligible for this analysis (N=213) provided 619 valid PDR days, 1,178 valid activPAL days, and 1,277 valid ActiGraph days. We first matched each instrument by date of assessment. Next, because our data collection protocol allowed for shorter valid assessment days for the monitors (minimum 10 hours) compared to the PDR (no minimum), and more than 90% of PDR days had 12+ hours of waking time reported, we also matched each instrument on daily observation time (± 2 hours). Of the 448 PDR-activPAL date matches, 345 days of assessment were within ± 2 hours/day for each method (n=179 participants). From the 1,029 ActiGraph-activPAL date matches, 915 days of assessment were within ± 2 hours/day (n=185 participants). To investigate the possibility that our decision to minimize the impact of extraneous variation in daily observation time between measures of absolute duration by matching on PDR observation and/or monitor wear time could have influenced our results we conducted sensitivity analyses. First, we fitted the measurement error models described below to the 448 days of PDR-activPAL observation not matched on observed/wearing time (n=197) as well as the 1,029 days of unmatched ActiGraph-activPAL data using the absolute duration values (hrs/d). Next, we fitted models for the PDR-activPAL comparisons using % sedentary time estimates (i.e., % observed; % wear) on both the matched and unmatched days.
Measurement Error Modeling
Ideally, we would want to assess the level of agreement between the true, but unobserved, where the general superscript T can be replaced by either PDR or AG, r i is the personspecific bias, and ε ij is the random errors for the test instrument. We further assume that r i and ε ij are independent and normally distributed with mean 0 and variances and .
The four parameters describing the quality of the test instrument are β 0 , β 1 , and . The intercept, β 0 , and slope β 1 indicate whether the test instrument, on average, correctly estimates the duration of a given behavior. The ideal values of β 0 and β 1 would be 0 and 1, respectively, indicating that the time reported by the test instrument measure is, on average, proportional to the reference instrument. The variance, , of the person-specific bias (i.e. between-individual variance) measures the magnitude of systematic over-or underestimation, while the variance, , of the random error (i.e. within-individual variance) reflects non-systematic or random measurement error. Ideally, both variances should be near 0. To obtain estimates of the desired coefficients, we fitted the models to the individual days of observation using linear mixed models by lmer from the lme4 package in R and calculated standard errors from 1,000 bootstrapped samples. In addition, the mean difference of each participant's average values (i.e., mean of available days), the standard deviation (SD dif ) for those differences, and the coefficient of variation for those differences , where is the average value were also compared. Further comparisons of these data were made by the Bland-Altman approach (5) and using Spearman correlations.
In secondary analyses, we evaluated the PDR reports of light and moderate-vigorous intensity activity. To do so, we employed ActiGraph estimates of these metrics as the reference measure using the structure of equation 2, but replaced with . This approach assumes that the estimate of light and moderate-vigorous activity from the ActiGraph is an unbiased and precise estimate of the truth. Given the uncertainty regarding this assumption in free-living conditions, estimates of the four parameters of interest for the PDR, in this case, could be biased away from their true values. We also report the mean differences and 95% confidence intervals between the PDR and ActiGraph estimates of light and moderate-vigorous activity.
RESULTS
Descriptive characteristics of our study sample are presented in Table 1 . The level of agreement between the PDR and activPAL is reported in Table 2 , listing both the estimated coefficients for the mixed model and their correlations. Agreement between PDR and activPAL was high in the adults and boys. Among adults the slope of the regression of PDR on activPAL, for both sedentary and active time, were approximately one (β 1 = 0.97 to 1.13) and the correlation between relevant pairs of measures were high (ρ = 0.77 to 0.81). Decomposition of the error variance in the recalls revealed that random errors (σ 2 ε ) tended to be larger than person-specific biases (σ 2 r ). Among boys, slope values were also close to one (β 1 = 0.88 and 0.96) and the correlations were similar to those for adults (ρ = 0.75 and 0.80). Agreement was slightly weaker in girls. Girls had lower slope values (β 1 = 0.64 and 0.80) and lower correlations (ρ = 0.52 and 0.60) in comparison to adults and boys. Girls also had the lowest person-specific bias.
Results comparing the ActiGraph and activPAL are presented in Table 3 . For all groups, slope terms were less than one (β 1 = 0.61 to 0.73). Correlations were high for adults (ρ = 0.74 to 0.79) but slightly lower for adolescents (ρ = 0.57 to 0.70). Decomposition of the error variance for the ActiGraph measures revealed that device-specific bias (σ 2 r ) tended to be larger than random errors (σ 2 ε ), particularly among males.
T-tests for mean differences and Bland-Altman results are reported in Table 4 . Evaluation of PDR versus activPAL revealed no statistically significant mean differences in time spent in active behaviors (all p ≥ 0.16), but reported sedentary time was greater than activPAL sedentary time in all groups (p ≤ 0.01). The CV dif % ranged from 15 to 32% and the limits of agreement were wide. Spearman correlations for the difference scores between measures and the average of both measures were generally positive, and were statistically significant in adults only. Evaluation of mean differences between ActiGraph and activPAL revealed no statistically significant differences in adults, but in adolescents the ActiGraph underestimated sedentary time and overestimated active time (both p < 0.01). The CV dif % ranged from 12 to 35% and the limits of agreement were wide. Spearman correlations between the ActiGraph difference scores tended to be negative, and were statistically significant in women.
Sensitivity analyses of the measurement error models on data not matched on PDR observation or monitor wear time revealed that in unmatched analyses there was a substantial increase in the amount of random error (σ 2 ε ) and modest reductions of 0.1 to 0.2 units in the slope terms (β 1 ) and the correlations (ρ) for both the PDR (see Table 1 , Supplemental Digital Content 3, http://links.lww.com/MSS/A218, Results for Previous-day Recall without matching) and ActiGraph (see Table 2 , Supplemental Digital Content 4, http://links.lww.com/MSS/A219, Results for ActiGraph without matching) compared to matched analyses presented in Tables 2 and 3 , respectively. Evaluation of the PDRactivPAL data for days matched and unmatched on observation time using % sedentary indices, another method to control for differences in observation time, revealed only minimal variation in results for the slope, correlation, and random error terms by matching status (see Table 3 , Supplemental Digital Content 5, http://links.lww.com/MSS/A220, Results for Previous-day Recall % sedentary time with and without matching).
Correlates of Reporting Errors in Previous-day Recalls (PDR)
The unexplained difference between PDR and activPAL (i.e., residuals) were not significantly correlated with age, gender, BMI, or social desirability in either adults or adolescents. For example, the Spearman correlations between PDR residuals for time reported in active behaviors and BMI (kg/m 2 ) and social desirability were 0.03 (p=0.81) and −0.002 (p=0.98) in adults, and 0.01 (p=0.94) and −0.05 (p=0.63) in adolescents, respectively. Spearman correlations between PDR residuals for time reported in sedentary behaviors and BMI and social desirability were 0.02 (p=0.85) and −0.03 (p=0.79) in adults, and 0.08 (p=0.44) and 0.14 (p=0.20) in adolescents, respectively.
Estimates of Light and Moderate-vigorous Physical Activity by Previous-day
Recall (PDR)-We also evaluated PDR reported light and moderate-vigorous intensity activity using common ActiGraph cut-points. Comparison of mean differences revealed that PDR reports of light activity tended to be lower than ActiGraph (100-759 cpm), but there were no significant differences in moderate-vigorous activity by PDR and the ActiGraph (760+ cpm) (i.e., the 95% confidence intervals include 0, Figure 1 ). About 1 to 1.5 hours more moderate-vigorous activity was reported on the PDR than recorded by ActiGraph 1952+ cpm estimates. Evaluation of PDR reported overall, light, and moderate-vigorous activity using measurement error models with the ActiGraph as the reference measure are reported in Table 5 . Briefly, for light activity the slope terms were less than 1 (β 1 = 0.34 to 0.84) and correlations were ρ = 0.41 to 0.63 in adults and boys, but lower in girls (ρ = 0.18).
Using the 760+ cpm moderate-vigorous activity cut-point as reference, among adults and boys the slope terms were approximately 1 (β 1 = 0.88 to 1.14) and the correlations were ρ = 0.49 to 0.63. Both indicators were lower in girls (β 1 = 0.67 and ρ = 0.39). In all models, person-specific bias (σ 2 r ) tended to be less than random error (σ 2 ε ).
DISCUSSION
In this study of free-living adolescents and adults, we found self-report of time spent in physically active and sedentary behaviors by PDR to be strongly correlated with activPAL measures, particularly in adults, and that random reporting errors were larger than personspecific biases. Consistent with our finding of relatively low amounts of person-specific bias, or a person's proclivity to systematically over-or under-report physical activity, we also found no correlation between age, BMI, or social desirability and reporting errors on the PDRs. Notably, validity of the PDR and ActiGraph were comparable to one another as compared to the activPAL for physically active and sedentary behaviors. The PDR also appeared to provide useful estimates of light and moderate-vigorous intensity activity in comparison to commonly used ActiGraph cut-points. Collectively, results from this study indicate that PDR-based estimates of physically active and sedentary time are valid and unbiased measures of time reported in active and sedentary pursuits. PDRs may be a valuable alternative to traditional questionnaire-based measures of these behaviors in future epidemiological studies, particularly those interested in measuring time spent in different body postures (i.e., sitting vs. standing/active), in specific types of behavior, as well as the location and purpose of activity-related behaviors.
In contrast to most physical activity questionnaires that are designed to assess usual activity levels (e.g., past year), which typically have validity coefficients of 0.3 to 0.5 when compared to doubly labeled water or accelerometer-based measures (34;49), we found much higher levels of validity in adults and boys (0.75 to 0.81), and somewhat better results for girls (0.52 to 0.60) for overall time in physically active and sedentary behavior. A number of studies that have examined the validity of various short-term recall approaches are consistent with our results. Hart (16) compared activPAL sitting time to estimates from a physical activity log completed throughout the day and reported a strong correlation (r=0.87) and no mean differences between measures. van der Ploeg (48) compared diary-based timeuse estimates of non-occupational time on two separate days to the ActiGraph using 100 and 760 cpm cut-points and reported correlations that were similar to our results for sedentary time (r=0.57, 0.59), light activity (r=0.27, 0.39) and moderate-vigorous activity (r=0.57, 0.69). Ridley (40) compared a computer-based previous-day recall to accelerometer counts in youth and, for those 11 years or older, reported correlations of 0.57 for overall physical activity level and 0.41 for moderate-vigorous activity reported on the recall. Calabro (8) compared an earlier version of the PDR to two pattern recognition monitors and reported strong correlations (r=0.89 to 0.91) with total energy expenditure (kcal/kg/d) and slightly lower correlations for moderate-vigorous activity (r=0.57 to 0.70). Consistent with our findings indicating little correlation between reporting bias and BMI and social desirability for physical activity, Adams (1) reported no evidence of association with reporting bias and these correlates in multiple PDRs in comparison to doubly labeled water in 81 postmenopausal women. The present study extends the finding of an apparent absence of social desirability on the PDR to sedentary behaviors, as well as to men and adolescents. In contrast, Klesges (22) found a positive correlation between physical activity reporting errors and social desirability in African American girls (8-10 years) enrolled in an intervention. Differences between our studies may be due to the physical activity measures employed, cultural factors, additional demands associated with being in an intervention, or the younger age-group in the Klesges report.
In contrast to our findings of small mean differences and the predominance of random reporting errors in self-report, Nusser (35) reported that estimates of total energy expenditure (TEE, kcal/d) derived from a PDR were greater than values estimated by a pattern recognition activity monitor among 171 women. Also using measurement error models, they reported that person-specific biases were three to four times greater than random error in the recalls. There are several possible explanations for the differences between our studies. First, use of TEE values (kcal/d) as a proxy measure of "physical activity" is susceptible to errors in estimating resting energy expenditure-the major component of TEE. A positive bias in TEE by recall may have been introduced if resting expenditure was estimated as 1 MET because this method overestimates this quantity, and the bias gets larger as BMI level increases (7) . This type of bias, unrelated to participant reporting, may have inflated their estimates of person-specific bias. Second, the relatively strict modeling assumption that the reference instrument is unbiased (32) may not have been adequately fulfilled in their study. The reference measure employed has been found to systematically underestimate TEE at higher levels of expenditure (21;44), and it may be that an underestimate of TEE by the reference instrument could result in the appearance of larger amounts of person-specific bias in the study (35) , regardless of actual reporting accuracy. Additional analyses of these data using different indices of physical activity and considering potential limitations of the available reference instrument would be valuable to further our understanding of the similarities and differences in results for our respective studies.
The present study had several strengths that merit comment. Our study sample was relatively large (n~180), it was composed of both adolescents and adults, and we were able to evaluate the validity of the most basic information reported on the PDR (i.e., activity type (active, sedentary) and duration) compared to the activPAL instrument that employed similar definitions of these constructs. Our inclusion of the parallel analysis of the validity of the ActiGraph, an established instrument (28;47), provides a benchmark against which the PDR results can be compared. Results suggest that that the PDR was comparable to the ActiGraph as a measure of physically active and sedentary behaviors with respect to the linear relation, strength of correlation, and low levels of systematic error (person-specific bias) when compared to the activPAL. We also evaluated time reported in light and moderate-vigorous activity in comparison to estimates from the ActiGraph using a cut-point (760 cpm) that was consistent with the scope of the PDR (i.e., assessment of the full range of moderate-vigorous intensity activities). Results provide some evidence for the value of light and moderate-vigorous activity reported on the PDR. The similarity of PDR reported moderate-vigorous activity time with the ActiGraph 760 cpm cut-point values support the accuracy of both instruments for this metric, and this finding is largely consistent with several free-living studies (8;48;50) . Our finding that PDR reports of moderate-vigorous activity was greater than estimates derived from the ActiGraph cut-point calibrated only to walking and running (1952 cpm) are also consistent with reports indicating under-recording of moderate-vigorous time by monitors calibrated in this way, in comparison to other accelerometers (50), activity diaries (29;43), and indirect calorimetry (14) . An additional strength was our detailed sensitivity analyses to evaluate key aspects of our matching approach to minimizing the known variation in daily observation time between measures. Results suggested that variation in observation time between the instrument being tested and the reference measure was a substantial source of random error that may have exerted a modest negative influence on the slope terms and the correlations between measures and thus supported our decision to employ matching to minimize this source of variability.
There are also limitations to the present study that must be considered. First, our study population was a convenience sample of adolescents and adults that were primarily Caucasian, well-educated and largely working or going to school during their time of study participation. Results may be different in study populations with different demographic characteristics and work and school schedules. Second, our study design limited our ability to investigate possible differences between week-and weekend days using measurement error models. To do so would require replicate measures on both week-and weekend days and we only assessed weekend days once. Future studies should examine this issue more closely since measures of behavior on both types of day may be needed to generate useful long-term averages (e.g., per week or year) (35) . In addition, we did not address the important question regarding the number of replicate PDR measures that are needed to account for seasonal and day of the week effects, as well as true variation in behavior from day-to-day (e.g., (31) ). In the context of large-scale epidemiologic investigations we have recently shown that a relatively small number of replicate recalls (e.g., 3 to 4 recalls) obtained using random sampling can substantially reduce the impact of day-to-day variation on behavior-disease associations (32) , but more research is needed to enhance our knowledge in this area (e.g., (4)). Another limitation of our study was the lack of an accurate and precise measure of physical activity intensity for use as a reference measurement. While the convergence of the PDR and ActiGraph (760 cpm) estimates for moderate-vigorous activity lends some support for both instruments, uncertainty remains regarding the precision of the ActiGraph measures, and this source of error could underestimate the apparent validity of the PDR. Indeed, we observed that the correlations with overall active time were 15 to 25% lower, and the variance estimates for person-specific bias and random error were larger, when the ActiGraph was used to evaluate the PDR (see Table 5 ), compared to results using the activPAL for reference (see Table 2 ). Thus, use of the ActiGraph in this context may modestly underestimate the validity of PDR reported light and moderate-vigorous activity. Clearly, future studies are needed to extend our understanding of the validity of reports for different activity intensities using better reference measures, as well as the validity of the contextual information reported on the PDR (i.e., location, purpose of activity).
Conclusion
This report provides proof of principle that the PDR may be a valid method for measurement of physically active and sedentary behaviors in epidemiologic studies that seek to rank-order individuals by level of a given behavioral exposure. PDRs may be particularly useful for studies that desire to assess the full range of human behavior, body position, and also gather details about where and why these behaviors occur. Future studies are needed to replicate these findings among larger, more ethnically diverse study populations, and to evaluate the ability of the interviewer-based PDRs to be translated to self-administered PDRs suitable for large scale studies (e.g. internet-based instruments, mobile devices).
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